Abstract. , a proinflammatory cytokine produced by human monocytes, fibroblasts, and endothelial and epithelial cells, is effective not only on cells and tissues of human beings but also on those of several animal species. We investigated the importance of recombinant human IL-8 for the activation of canine neutrophils in vitro and its potential for inducing inflammation in vivo. Shape change (10-9-10-' M IL-8) and chemotaxis ( 10-'n-lO-b M IL-8) assays were used to determine the activation of canine neutrophils in vitro. Chemotaxis was induced by IL-8 at doses > M. A rapid shape change of comparable intensity was elicited by 10-9-10-7 M IL-8. Thirty minutes after intradermal injection of moles of IL-8, emigration of neutrophils could be observed and became more intense at 60 minutes and 240 minutes, respectively. Zymosan-activated canine plasma, which served as a positive control, induced a rapid, massive, and more diffuse neutrophil accumulation, whereas the reaction after IL-8 was weaker but still significant. The neutrophil accumulation after IL-8 was preferentially located in perivemdar areas of the deep dermis. Recombinant human IL-8 is capable of activating canine neutrophils in vitro and is able to generate significant neutrophil accumulation in dog skin. Its activity is lower than that in human, rabbit, and rat systems.
Interleukin-8 (IL-8) belongs to a family of neutrophil-activating cytokines with molecular masses of 8-10 kd.' IL-8 is produced by human monocytes2' and by a wide variety of tissue cells such as endothelial cells, fibroblasts, keratinocytes, synovial cells, several types of epithelial cells, and some tumor cells.' The peptide is produced as a precursor of 99 amino acids and is secreted after cleavage of a signal sequence of 20 residues. I Proteolytic processing at the amino-terminus yields several variants with biological activity. In the culture medium of stimulated monocytes, the main form of IL-8 consists of 72 amino acids and has a molecular weight of 8,383.1,14,27 In the culture medium of synovial cells,6 endothelial cells,' and fibroblasts,' the 77-amino acid form was predominant.' Other members of this family include neutrophil-activnting pcptide 2 (NAP-2), a cleavage product of platelet basic protein or connective-tissue activating peptide I11 released from platelet granules,26 and the GRO family (products of the gro gene), mitogens for human melanoma cells. 15 IL-8, NAP-2, and GRO are potent activators of human neutrophils in vitro, inducing a wide range of functional responses such as shape change, chemotaxis, a rise in intracellular free calcium, respiratory burst, exocytosis of azurophil and specific granules, and secretory vesicles.1J4J5J8, 26 . 27 The activity of human is not restricted to human beings; in vitro chemotactic activity has been demonstrated with neutrophils from rabbit, rat, mouse, guinea-pig, goat, dog, pig, monkey, and ~hicken.l*.~~ In vitro results with canine neutrophils indicate that recombinant human IL-8 induces aggregation and biosynthesis of leukotriene B, but has no influence on phagocytosis of yeast particles. 25 Induction by IL-8 of in vivo mobilization of neutrophils into intradermal sites has been described in rats,31 rabb i t~,~ dogs,25 and human being^.^^,^^ In addition to its proinflammatory activity, IL-8 seems also able to downregulate inflammatory processes by limiting the extent of leukocyte-endothelium adhesion within the microenvironment of inflammatory lesion^.^ IL-8 seems to be important in the pathogenesis of several human diseases. High concentrations of IL-8 were found in scales of psoriatic patients2' and in synovial fluid of patients with rheumatoid arthritis.20 Rheumatoid arthritis is a well-known disease entity in dog^,^.^ and inflammatory skin diseases are also often encountered. The pathogenesis of these disease groups is not yet well understood; therefore, it is necessary to evaluate the contribution of the proinflammatory cytokines to the pathogenesis of such diseases. Additional interest stems from the importance of the dog in toxicologic and biomedical research. To determine the effectiveness of human recombinant IL-8, we analyzed 61 its activity on isolated canine neutrophils (PMN) in vitro and its effect on t h e mobilization of PMN into tissue sites.
Materials and Methods

In vitro experiments
Isolation of neutrophils. land, female, 9 months old) was drawn into acid citrate dextrose (ACD) and immediately brought from the Small Animal Clinics to the laboratory. Routine hematologic analysis revealed no abnormalities. Neutrophils (PMN) were isolated by using a modification of published methods." Anticoagulated blood was layered over 55% and 74% Percoll (Pharmacia, Glattbrugg, Switzerland). After centrifugation at 400
x g for 30 minutes at room temperature, granulocytes appeared as a band over the underlying erythrocytes and underneath the other cellular elements ofthe blood sample. The granulocyte band was carefully aspirated with a plastic pipette, washed once in Hanks' balanced salt solution lacking calcium and magnesium (HBSS-; Life Technologies, Basel, Switzerland), and resuspended in HBSS with calcium and magnesium (HBSS+). The purity of the preparation was >98%, and >96% of the cells were viable (trypan blue exclusion).
Agonists. Recombinant human interleukin-8 (IL-8)14 was dissolved at 400 pg/ml in 50 mM 2-(N-morpholino)-ethanesulfonic acid and 0.43 M NaCl (pH 6.5) and further diluted with pyrogen-free saline to the desired concentrations. The endotoxin content of this preparation, as determined by the Limulus assay, was 125 pg/mg IL-8. Zymosan-activated canine plasma (ZAP) was produced by incubation of pooled dog plasma at 37 C for 45 minutes under constant agitation with Saccharomyces zymosan (zymosan A, Sigma, St. Louis, MO) at a concentration of 2 mg/ml. After incubation, the plasma was rapidly cooled to 4 C, centrifuged (2,000 x g for 10 minutes), and carefully decanted from the zymosan pellet. The plasma was further clarified by centrifugation (20,000 x g for 10 minutes) and stored in aliquots at -80 C until used. The concentration of C5a in undiluted ZAP was assumed to be 5 x lo-' M.5
Shape change assay. To assess the kinetics of membrane responses of canine PMN the following chemotactic agonists were added to prewarmed cells and incubated for 0, 30, 60, and 180 seconds, respectively,* with ZAP at a final dilution of 1/50 and human recombinant IL-8 at final dilutions of lo-' M, M, and M. At the respective time points, 100 pl ofthe cell suspension was fixed with an equal volume of glutaraldehyde (final concentration, 2.5%). Control PMNs were handled identically but without chemotactic stimulation. The fixed cells were evaluated microscopically, and 200 PMNs from each sample were quantitatively examined for the development of shape change characterized by loss of spherical shape, ruffled membrane formation, and lamellipodia development (Fig. l) .* Data were expressed as percentage of cells developing shape change at each time point.
Migration assay. Directed migration of canine PMN was evaluated using a 48-well microchemotaxis chamber (Neuroprobe, Cabin John, MD) with a 10-pm-thick polyvinylpyrrolidon-free polycarbonate filter with a 5-pm pore size (Nucleopore, Pleasanton, CA). 24 The lower chambers were filled with 25 p1 of one of the following agents: M, 3 x M, lo-' M, 3 x l o -* M, 10 M, 10 M, and l o -' " M of recombinant human IL-8 and ZAP diluted at ratios of 1 : 10 and 1 : 100. HBSS' was used as a negative control. The prewarmed chambers were loaded with the respective chemotaxins or controls, 5 x lo4 cells per well were added into the upper compartments, and the assembled chamber was incubated for 60 minutes in a humidified 95% air-5% CO, atmosphere. The filters were fixed and stained routinely (Diff Quik stain; Baxter, Merz, and Dade AG, Dudingen, Switzerland). The number of migrated cells was quantitated in six randomly selected areas of each well under a microscope with a 40x objective, and the average value for one highpower field was calculated.
In vivo experiments
Animals and histopathological evaluation. , and pyrogen-free saline (negative control) were injected intradermally into separate sites in the skin ofthe abdominal wall with a 25-gauge needle. The injected volume was 100 pl, and the respective skin sites were treated 4 hours, 1 hour, and 30 minutes before the dogs were euthanatized with an intravenous overdose of pentobarbital. Immediately thereafter, whole-thickness skin samples were cut out with a scalpel and forceps, and tissues were fixed with 4% buffered formaldehyde. The fixed tissues were routinely processed for histologic examination, and the slides were stained with hematoxylin and eosin (HE). Granulocytes within the skin were quantitated using a method described p r e v i o u~l y . l~,~~ Coded samples were scored blindly by two observers (R. D. Zwahlen and D. Spreng) , and the intensity of extravascular PMN cell accumulation was assessed separately in the upper and lower parts of the dermis. The upper part of the dermis was defined as the zone between the epidermis and the deepest adnexal structures; the lower part of the dermis was defined as the zone between the deepest adnexal structures and the panniculus carnosus. Microscopic evaluation was performed by scanning six fields with the 16 x objective that were scored as follows: 0 = < 6 PMN present; 1 = 6-40 PMN present; 2 = >40 PMN present, with moderate numbers of focal collections and/or relatively few scattered; 3 = >40 PMN present with extensive foci and marked numbers of scattered PMNs. If necessary, the 40 x objective was used to differentiate cells. The scores for the two areas assessed were then added to provide a total score for the section (possible range, 0-8).
Statistics
To take into account a possible nonparametric distribution, we used the Wilcoxon rank-order test to analyze our data. Untreated control, 180 seconds. Fig. lb. 10 
Id.
M interleukin-8, 180 seconds.
Results
In vitro experiments
Kinetics of chemotaxin-induced shape change.
Stimulation of canine neutrophils (PMN) with either zymosan-activated canine plasma (ZAP) or interleukin-8 (IL-8) at 10-7-10-9 M induced a rapid and consistent membrane shape change. Within 30 seconds, the induced membrane changes were readily apparent (Fig. l) , with membrane ruffling and blebbing, and maximum measurable morphologic alteration was achieved within 3 minutes, with distinct polarization of cells (Fig. 1) . This shape change in- 
In vivo experiments
Few extravascular granulocytes were found after injection of pyrogen-free saline at all three time points (Fig. 3 ) , and the mean score of these tissue sites remained between zero and 1 throughout the experimental period (Fig. 6) . Injection of ZAP induced a significant and marked inflammatory reaction. The ZAP-induced infiltrate consisted predominantly of PMN, which were mainly located in the perivascular areas at 30 minutes. After 1 hour and particularly after 4 hours, the infiltrate became more dispersed (Fig. 4) . The mean score allotted to these sites was already very high at 30 minutes and increased further over the next 3.5 hours (Fig. 6) . In contrast, PMN mobilization by IL-8 was qualitatively and quantitatively different. At 30 and 60 minutes, there were relatively few inflammatory cells present (total score, 2.25 k 0.63 and 2.75 i 1.03, respectively). When comparing mean scores between sites treated with IL-8 and those treated with ZAP, the ZAP sites had a significantly stronger (P < 0.05) inflammatory reaction. However, at 4 hours the magnitude of the inflammatory reaction after injection with IL-8 had increased, and the total score was only slightly lower (P = 0.193) than that induced by injection of ZAP (Fig. 6) . The inflammatory reaction consisted almost exclusively of PMN; there were no mononuclear cells present. A dense accumulation of PMN in perivascular areas was noted, especially around deep dermal venules (Fig. 5) . Few of these cells were scattered diffusely within the dermal tissues.
Discussion
The motor response of inflammatory cells, such as the migration of neutrophils from post-capillary venules to the interstitium of inflamed tissues or through the filter of a chemotactic chamber, depends on a coordinated activation of cytoskeletal elements.23 Chemotaxin-induced shape change involves a restructuring of cytoskeletal elements modulated in part by altering the state of actin polymerization in the cell.9 Recombinant human interleukin-8 (IL-8) induces a rapid and persistent shape change of canine neutrophils, which is comparable in its rapidity, its duration, and the percentage of activated cells with the effect of Maximum migratory activity of IL-8 in this experiment was 2 log concentrations higher than that described recently elsewhere. 25 However, according to that report, the number of migrating cells greatly exceeded that of a strong standard chemotaxin (ZAP). 25 In contrast, ZAP induced a much stronger and a more rapid inflammatory reaction than did IL-8 after intradermal injection. Various explanations are possible for the slower accumulation of PMN after injection of IL-8. Human monocyte-derived IL-8 did induce protracted accumulation of PMN but did not cause protease secretion in canine tissues,1° whereas granule enzyme release during extravasation of PMN seems to be important. 29 Additionally, in vitro studies have shown that the potency of human IL-8 for PMN of different species varies and is generally lower than its potency for human cells.I8
Consistent with previous findings in the same and other specie^,^,^^.^' the inflammatory infiltrate induced by IL-8 was predominantly concentrated in the close perivascular area, in contrast to that induced by ZAP, which was more diffuselv dispersed. In the present ex-(LAI) effect of IL-8 on the adhesion of PMN to endothelial cell^^.^^ might not be of primary importance, because the vascular endothelial lining may exert these potential anti-inflammatory effects of IL-8 on a time scale extending beyond the proinflammatory effects of this ~y t o k i n e .~ The failure to observe significant numbers of infiltrating lymphocytes is consistent with previous observations in rabbit^;^ however, it is contradictory to the role suggested for this cell type. 12 The present study demonstrated that recombinant human IL-8 is an active proinflammatory cytokine in the dog, both in vitro and in vivo. Its potency in inducing a rapid and persistent shape change and a strong and dose-dependent migration of canine neutrophils in vitro is paralleled by its ability to selectively mobilize neutrophils mainly from post-capillary venules upon intradermal injection. As in human beings and other mammals, IL-8 probably represents an important pathophysiologic element in development of canine acute inflammation. Investigations of the role of IL-8 in canine rheumatoid arthritis and other canine diseases with a predominance of neutrophilic inflammatory lesions should shed more light on the pathogenesis of these entities. --perimental setting, the leukocyte adhesion inhibition induce synthesis and secretion of gro protein and a neu-
